This paper proposes a methodology to remove inherent implicit creep from the Eurocode 3 material model for steel, and presents a creep-free analysis on simply supported steel members. Most of the available material models of steel are based on transient coupon tests which inherently include creep strain associated with particular heating rates and load ratios. The creep-free analysis aims to reveal the influence of implicit creep by investigating the behaviour of simply supported steel beams and columns exposed to various heating regimes. The paper further evaluates the implicit consideration of creep in the Eurocode 3 steel material model. Finally, a modified Eurocode 3 carbon steel material model for creep-free analysis is proposed for general structural fire engineering analysis.
INTRODUCTION
The Eurocode 3 steel material model [1] is widely used for both design and research in performance-based structural fire engineering. The model itself was created on the basis of test results from a transient coupon study [2, 3] conducted with a heating rate of about 10°C/min. This type of testing methodology was chosen in order to obtain a material model which implicitly includes some creep strain. This is usually considered a very convenient way of taking the effect of high-temperature creep into account in structural fire analysis.
Implicit creep contained within the material model effectively reduces the value of tangent modulus in the elliptic branch of the Eurocode 3 model. A reduced value of tangent modulus generally leads to a conservative prediction of buckling temperatures in the case of isolated columns, or deflection predictions in the case of isolated beams. In both cases the effects of implicit creep can be interpreted as conservative when estimating the fire resistance of a member. The Eurocode 3 material model may logically be considered as conservative for heating rates which are over 10°C/min. However, this does not apply for heating rates below 10°C/min, in which case more substantial creep is expected to occur [4] [5] [6] . Heating rates below 10°C/min for steel members are possible in cases of protected and unprotected steel members, depending on the heating rate of the fire itself. In both cases an explicit creep analysis is necessary in order to conduct an accurate representation of the structural behaviour in fire. Creep analysis is especially important in steel columns, where the columns' buckling resistance can be reduced due to the presence of creep [7] . If explicit creep analysis is necessary, then an implicit-creep material model can be considered as a false starting point, and so a creep-free material model is needed [8] .
The main aim of this paper is to explore the level of conservatism of the Eurocode 3 material model for steel with respect to implicit creep, by conducting creep-free analyses of simply supported beams and columns. A further aim is to test its validity at lower heating rates by conducting structural analyses using heating rates lower than 10°C/min on beams and columns. A modified Eurocode 3 material model is proposed which can provide simulation results equivalent to a creep-free analysis procedure, and this is used in the paper to extract the implicit creep from the Eurocode 3 model. The creep-free material model is then utilized in a parametric study of the creep-free behaviour of stocky and slender columns. The analysis presented in the paper is conducted with the Vulcan research code, by combining it with three different creep models.
CREEP-FREE ANALYSIS

Methodology
The basic methodology of removing implicit creep from the Eurocode 3 material model revolves around finding postulated implicit creep curves derived from the specific transient coupon testing used to create the Eurocode 3 model. Since the test data published by Kirby and Preston [2] provided total strain (summing the stress-related and creep strains), a natural way of removing the creep strain is to apply existing creep models to determine the implicit creep value and to subtract it from the total strain. Therefore, it is necessary to select a suitable creep model and material parameters to calculate postulated implicit creep. An additional problem exists in finding suitable material parameters for the creep model, since creep strain at any stress level depends heavily on these input parameters [9] . In this study Harmathy's creep parameters were chosen, since they apply most closely to the steel alloys tested by Kirby and Preston.
Structural fire analysis normally involves transient heating scenarios, in which the strains and stresses change with temperature and time. Therefore, the postulated implicit creep relationship has to be a function of stress and temperature. Firstly, explicit creep analyses are conducted for a set of transient coupon simulations at different stress levels and a predefined heating rate. A distinct creep strain-temperature curve is extracted from each transient coupon simulation. The next step is to create a set of temperature-dependent stress-creep strain curves using these creep strain-temperature curves. These curves represent the postulated implicit creep functions which can then be used to subtract implicit creep from a structural fire analysis. The modified total strain equation for steel [10] for a creep-free analysis can be expressed as: [13] . The details of the implementation of the creep models in the Vulcan code can be found in [8] . Fig. 1 presents the simulations of temperature-creep strain curves for S355 steel using creep models Cr_1 -Cr_3. Curves from 
Verification of the creep-free methodology
In this section a selection of results is shown in order to present the application of the methodology. A coupon specimen from Kirby and Preston [2] was modelled using two three-noded line elements in the Vulcan research code, with an 8x8 segmentation of a solid rectangular cross-section. Key modelling parameters for the model of the coupon are presented in Table 1 . Engineering strain was determined as the ratio of the calculated extension to the gauge length of the coupon for each time step. 
Modified Eurocode 3 material model
Results obtained from the proposed creep-free methodology were utilized to find a practical way of extracting implicit creep from the Eurocode 3 model. It was found that a practical way to obtain the closest match with the creep-free analysis results was to change the value of yield strain in the Eurocode 3 material model from 2% to 1%. A comparison between the modified Eurocode 3 material model and the original one is presented in A comparison of results between the creep-free analysis of coupon tests from study [2] (S355 at 10°C/min) and the modified Eurocode 3 material model is presented in Fig. 6 . 
APPLICATION OF CREEP-FREE ANALYSIS TO SINGLE BEAMS AND COLUMNS
This section summarizes the creep-free structural analysis of uniformly heated simply supported beams and columns under various heating rates and load levels. Heating rates adopted in the analysis are below 10°C/min, since the objective was to test the influence of implicit creep for heating rates lower than that on which the Eurocode 3 material model was originally based. A further reason for using linear "ramp" temperature curves is because heating rates below 10°C/min usually occur in fire-protected steel members. Therefore, the heating rates of 2.5°C/min and 5°C/min are adopted for studying the creep-free behaviour of isolated beam and column members in the following section.
The initial yield strength and modulus of elasticity for the beam and column analyses were taken as 355 MPa and 210 GPa respectively.
Beam analysis
A creep-free analysis was carried out by simulating a simply supported steel beam 
Column analysis
Fig . 9 shows the mesh density, boundary and the heating conditions for the structural analyses of simply supported columns. An HE240M structural section was adopted for these analyses. The modified Eurocode 3 material model, described in section 2.3, was adopted as the creep-free stress-strain model. The column analyses were conducted under two different heating rates below 10°C/min. The slendernesses of the columns involved in this study ranged from 60 to 100, which covers the typical mid-range between stocky and slender columns. Two creep models (Cr_2 and Cr_3) were utilized to provide a basis for comparison in explicit creep analysis of the columns. The columns were loaded with vertical axial compressive force V, corresponding to load selected in the range 20%-70% of the column's load capacity at ambient temperature (marked as N b,y,Rd in Table   2 ), A lateral force H, equivalent to V/400, was applied to each column to provide a small geometrical imperfection. The geometry and loading conditions of the column are defined in Table 2 .
Figs. 10-12 present comparisons of the critical temperatures of the columns, calculated using the implicit and creep-free Eurocode 3 models. It can be seen that the application of the modified Eurocode 3 material model results in a slight increase of the columns' critical temperatures, ranging up to 10% for the stockier columns and 3% for the more slender columns. This indicates that the implicit Eurocode 3 model has a relatively mild inherent conservativeness in the effect of its prediction of the creep in steel in fire.
The results of the creep analyses using the implicit and modified (explicit)
Eurocode 3 material models are also listed in Tables 3 and 4 
CONCLUSIONS
A creep-free methodology which attempts to extract the implicit creep strain content from the original Eurocode 3 material model has been presented. This methodology has been used to predict the creep-free response of steel coupons, tested by Kirby and Preston Table 2 Length l (mm) 
Strain (%)
Experiment -100 MPa Creep_free Creep_free+Cr_2 EC3 implicit EC3 implicit+Cr_1 EC3 implicit+Cr_2 EC3 implicit+Cr_3
